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Operators  were  tasked  to  retain  either  a two-  or  four-consonant  letter 
set  in  memory  during  the  search  task.  Following  a fixed  time  to  perform  the 
search,  single  letter  probes  were  presented  to  determine  that  the  memory  set 
had  been  maintained. 

Reaction  times  to  the  search  task  increased  as  the  number  of  items  in  the 
display  increased,  but  search  times  were  not  influenced  by  the  concurrent 
memory  task.  Reaction  times  to  the  memory  probe  revealed  faster  response  to 
the  two-letter  set  than  to  the  four-letter  set.  There  were  no  significant 
effects  attributable  to  practice,  relative  display  screen  location,  or  inter- 
actions between  the  memory  task  and  the  display  search. 

Total  amount  of  information  on  the  display  wasy  therefore,  the  only 
relevant  factor  of  those  examined.  Future  effort  should  be  concentrated  on 
different  search  requirements,  scan  patterns,  display  area  segregation,  and 
practice  or  operator  skill  level. 
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FOREWORD 

This  research  was  conducted  in  support  of  Advanced  Development  Subproject 
Z0107-PN.08,  Information  Processing  in  Operational  Decision  Making,  under  the 
sponsorship  of  the  Chief  of  Naval  Operations  (OP-01) , and  in  support  of  the 
Fleet  Combat  Direction  Systems  Support  Activity  (FCDSSA) , Operation  Require- 
ments Section  (Code  27).  This  is  the  first  NAVPERSRANDCEN  study  using  the 
Navy  Tactical  Data  System  (NTDS)  operator  console  as  a testbed  in  examining 
man-machine  interface  in  decision-making  processes. 

Appreciation  is  extended  to  CDR  H.  P.  Krienke,  LCDR  W.  L.  Schwabe, 

LT  A.  L.  Maples,  and  LT  J.  L.  Dick  of  FCDSSA,  Pacific  who  provided  the  NTDS 
materials;  Mr.  Jon  Everson  who  was  responsible  for  some  of  the  data  analysis 
and  provided  many  helpful  suggestions;  and  the  Commanding  Officer,  U.S.  Naval 
Station,  San  Diego,  who  provided  invaluable  assistance  by  allowing  use  of 
Naval  Station  personnel  as  "console  operators." 


i 


v 


SirMMARY 


Problem 

The  Naval  Tactical  Data  System  (NTDS)  maintains  and  updates  a large 
amount  of  information  that  must  be  retrieved  and  presented  to  a variety 
of  console  operators  with  varying  retrieval  tasks.  An  additional  cathode 
ray  tube  (CRT)  is  being  provided  system  operators  in  order  to  increase  the 
flexibility  and  speed  with  which  information  can  be  presented.  Thus,  it  is 
necessary  to  determine  the  optimum  format  display  and  the  amount  of  informa- 
tion that  can  be  readily  scanned  by  the  operator. 

Obj  ective 


The  objective  of  this  effort  was  to  examine  a variety  of  NTDS  information 
display  formats  and  sizes  to  determine  search  and  data  entry  speed  while  the 
operator  is  occupied  with  a secondary  task.  This  situation  simulates  the 
multiple  demands  of  an  NTDS  console. 

Approach 


A visual  search  task  with  a reaction  time  measure  was  designed  on  a PDP-12 
minicomputer.  Inexperienced  operators  memorized  a set  of  consonants  (2  or  4 
letters),  then  were  exposed  to  a search  display  and  a target.  They  were 
required  to  locate  the  target  in  the  display  and  respond  as  rapidly  as  possible. 
There  were  six  search  displays,  alternately  presented.  These  consisted  of  two 
versions  (long  and  short)  of  three  formats.  One  of  these  formats  currently 
is  being  used  with  NTDS,  and  the  other  two  were  developed  by  the  Fleet  Combat 
Direction  Systems  Support  Activities  as  a part  of  the  display  standardization 
for  NTDS  ongoing  in  both  the  Pacific  and  Atlantic  Fleets.  The  operator  was 
required  to  locate  a target  item  within  the  display  and  enter  the  3-digit 
value  assigned  to  that  item  on  a numeric  keyboard.  Finally,  they  were  queried 
to  determine  if  they  had  maintained  the  consonant  set  in  memory.  Measures  of 
the  reaction  time  and  accuracy  to  each  display  size  and  format  were  obtained 
and  used  to  determine  the  influence  of  display  size,  display  format,  relative 
display  location,  concurrent  memory  load,  and  practice  on  operator  performance. 

Findings 


1.  The  main  finding  was  that  display  size  (number  of  items  in  the  display) 
significantly  influenced  reaction  time  to  locate  the  target  item. 

2.  Specific  formats  did  not  differ  in  case  of  target  item  location  except 
as  a function  of  their  size. 

3.  The  number  of  letters  (two  or  four)  held  in  memory  on  the  secondary 
task  did  not  influence  display  search  performance. 

4.  Operators  responded  significantly  faster  to  the  memory  task  probe  on 
the  two-letter  set  than  on  the  four-letter  set. 
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INTRODUCTION 


Problem 

The  Naval  Tactical  Data  System  (NTDS)  permits  shipboard  personnel  quick 
access  to  large  amounts  of  tactical  information  via  consoles  located  on  board. 
Since  the  variety  and  amount  of  information  available  to  a console  operator 
is  potentially  overwhelming,  a continuing  RDT&E  effort  must  be  conducted  to 
present  the  information  in  a form  that  is  easily  grasped  by  operators  and 
commanders  who  must  take  action  or  make  decisions  thereon.  To  this  end,  the 
Fleet  Combat  Direction  Systems  Support  Activity  (FCDSSA)  in  both  Atlantic 
and  Pacific  Fleets  is  engaged  in  a program  to  replace  a portion  of  the  console 
display  with  an  additional  cathode  ray  tube  (CRT)  alphanumeric  display.  This 
auxiliary  device  (the  IP-1304/UYA-4  Digital  Display  Indicator)  permits  greater 
and  more  flexible  information  display  than  heretofore. 

Purpose 

This  experiment  was  conducted  to  define  the  format  and  amount  of  informa- 
tion that  could  be  scanned  and  grasped  by  a console  operator.  From  this  know- 
ledge, FCDSSA  programmers  can  determine  the  display  program  requirements  that 
will  accompany  the  installation  of  the  auxiliary  digital  display  indicator  on 
board  Navy  ships. 

Background 

Applied  visual  search  studies  are  generally  directed  toward  solving  problems 
of  the  information  display  itself.  This  is  in  contrast  with  visual  search 
studies  concerned  with  the  cognitive  processes  of  the  individual  (Monk,  1976), 
which  have  been  oriented  towards  questions  of  individual  information  processing 
capacity.  Both  approaches  use  similar  measures,  the  most  common  being 
time  taken  to  locate  a target  and  some  indication  of  accuracy.  The  time  measure 
may  be  reaction  time  or  processing  rate  or  both,  and  the  accuracy  measure  is  the 
number  of  hits  or  misses.  In  a typical  paradigm,  the  subject  is  given  a target 
item  drawn  from  a target  set,  followed  by  a display  set  containing  several  items. 
His  task  is  to  locate  the  target  item  in  the  display  and  respond,  either  verbally 
or  manually.  His  action  may  involve  either  a simple  detection  response  (Yes/No) 
or  a more  complex  act  such  as  entering  the  item  on  a keyboard. 

The  most  pervasive  finding  of  previous  studies  has  been  that  the  search 
time  increases  and  accuracy  decreases  as  the  number  of  items  in  the  display 
increases  (Fgeth,  Atkinson,  Gilmore,  & Marcus,  1973;  Teichner,  6 Mocharnuk,  1R74; 
Atkinson,  Holmgren,  & Juola,  1969).  Much  of  the  research  has  been  devoted  to 
studies  of  slope  contrasts  of  the  function  that  relates  reaction  time  to  the 
number  of  displayed  items.  Search  functions  that  do  not  show  an  increase  with 
number  of  displayed  items  do  exist,  however.  The  most  common  explanation  for 
such  flattened  functions  is  that  the  displayed  items  are  scanned  in  a parallel 
fashion.  This  has  been  attributed  to  individual  information  processing  capacity 
(Gardner,  1973),  as  well  as  to  particular  information  display  formats  (Fgeth, 
Jonldes,  6 Wall , 1972) . 
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Scope 

Our  research  has  the  applied  perspective  in  that  it  is  concerned  primarily 
with  the  form  of  display  that  might  reduce  the  search  rate.  Such  forms  might 
effectively  aid  the  operator  in  applying  a more  efficient  search  process. 

Certain  limitations  on  the  research  are  necessarily  imposed  by  the  tech- 
nical platform  that  is  involved.  Since  the  NTDS  uses  a fixed  set  of  acronyms 
on  consoles  that  are  already  in  operation,  the  only  part  of  the  present  system 
that  may  be  influenced  by  research  results  is  the  software  used  to  ouptut  data 
to  the  display  screen.  This  study  was,  therefore,  directed  toward  two  aspects 
of  display  that  are  controlled  by  software:  the  total  number  of  items  dis- 

played and  the  format.  Within  the  latter,  specific  constraints  were  imposed  by 
the  results  of  earlier  studies  (e.g.,  Notes  1,  2,  and  3)  and  standardization 
requirements  imposed  by  FCDSSA.  In  this  initial  experiment,  therefore,  we  are 
concerned  with  search  times  and  accuracy  imposed  by  sets  of  preformatted  dis- 
plays. 

The  NTDS  operator  is  involved  in  a variety  of  tasks  in  addition  to  search- 
ing for  items  on  a display.  He  might,  for  example,  be  required  to  retain  in 
memory  some  information  from  another  source  while  searching  for  the  target 
item  on  a display.  In  studies  of  human  cognitive  processes,  multiple-demand 
tasks  are  useful  for  determining  how  individuals  share  limited  resources.  For 
example,  some  components  of  attention  or  short-term  memory  are  limited  and 
therefore  must  be  allocated.  These  considerations  led  to  the  development  of 
another  task,  interpolated  with  the  visual  search,  that  would  simulate  the 
multiple  demands  on  the  NTDS  operator.  In  this  task,  the  operator  is  required 
to  maintain  a short  set  of  consonants  in  memory  during  performance  on  the  search. 
The  basic  paradigm  is  attributed  to  Sternberg  (1969)  and  has  been  widely  used 
in  examining  memory  retrieval  strategies  and  capabilities.  Typically,  after 
memorization  of  the  item  set,  the  individual  is  given  a probe  item  and  must 
respond  by  indicating  whether  or  not  the  probe  was  a member  of  the  memory  set. 

Wattenbarger  and  Pachella  (1972)  took  Sternberg's  (1969)  character  clas- 
sification task  and  imbedded  within  it  a choice  reaction  time  task  to  determine 
whether  a small  memory  load  would  have  an  effect  on  the  choice  reaction  time. 
Since  there  was  none,  the  authors  concluded  that,  under  a small  memory  load 
(<  6 items),  no  interference  exists.  Wattenbarger  and  Pachella's  findings 
were  confirmed  by  Kelly  (1976)  and  extended  to  include  recall  as  well  as 
classification  of  the  memory  set.  The  influence  of  similar  short-term  memory 
load  on  visual  search,  involving  latencies  longer  than  one  second,  has  not 
been  determined. 

This  experiment  therefore  was  designed  primarily  to  investigate  search 
time  and  accuracy  in  a set  of  specific  preformatted  displays.  An  additional 
character  classification  task  was  Imposed  to  simulate  the  operator's  environ- 
mental demands  and  to  expose  the  possible  Influence  of  small  memory  loads  on 
the  search  performance. 
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METHOD 

Participants 

Twenty-four  Navy  enlisted  men  from  the  transient  barracks  at  the  Naval 
Station,  San  Diego  participated  in  this  study.  Their  ages  ranged  from  1ft 
to  3ft,  and  all  were  tested  for  20/20  vision  (corrected).  None  of  the  par- 
ticipants had  had  any  previous  experience  with  NTDS  console  operation. 

Apparatus 

The  entire  task  was  programmed  on  a DEC  PDP-12  computer  using  two 
oscilloscope  display  screens.  The  two  screens  were  arranged  vertically  to 
correspond  with  the  plan  position  indicator  (PPI)  and  auxiliary  display  of  the 
NTDS  console  (Figure  1).  A Tektronix  400ft/l  graphics  terminal  served  is  the 
PPI  or  operator  console  and  was  used  in  this  simulation  to  present  the  con- 
sonant set  for  memorization,  the  target  item  to  be  located,  and  the  letter 
probe  for  memory  test.  A DEC  VTO-5  alphanumeric  terminal  served  as  the 
auxiliary  display  and  rested  on  top  of  the  operator  console.  This  terminal 
was  used  to  present  the  display  from  which  the  target  item  was  to  be  located. 


AUXILIARY  DISPLAY 


MAIN  DISPLAY 


EYE  LEVEL 


Figure  1.  Display  terminals. 


3 


Operators  sat  in  a dimly-lighted,  sound-dampened  room  with  their  eye 
level  approximately  midway  between  the  two  screens.  They  had  not  been  dark 
adapted.  They  responded  to  the  queries  on  the  keyboard  of  the  operator  con- 
sole, which  was  located  at  desk  level,  immediately  in  front  of  their  chair. 

Information  Displays 

Six  display  formats  were  chosen  from  a set  of  19  provided  by  FCDSSA, 

San  Diego.  These  represented  two  sizes  (small  and  large)  of  three  format 
styles.  The  first  format  style  is  that  currently  in  use  on  NTDS  consoles. 

The  other  two  were  those  developed  by  FCDSSA,  Dam  Neck  and  by  FCDSSA, 

San  Diego,  respectively.  These  six  display  formats  are  illustrated  in  Figure  2. 
As  shown,  the  displays  include  one  or  two  lines  of  recommended  course  of  action 
(e.g.,  AIR  FRND  STRK/SUPP  ASW  in  Figure  2. a),  plus  a number  of  display  items 
consisting  of  NTDS  acronyms  of  two  to  five  characters  (either  letters  or  letter- 
number  combinations).1  These  acronyms  were  taken  from  sets  provided  by  FCDSSA, 
San  Diego.  The  number  of  items  provided  ranged  from  6 (Figure  2. a)  to  40 
(Figure  2.f). 

,1  Each  of  the  display  items  was  paired  with  a random  3-digit  number.  For 

example,  in  Figure  2. a,  the  acronym  TN  was  paired  with  129.  Upon  locating  the 
target  item,  which  consisted  of  one  of  the  display  items,  chosen  at  random,  the 
operator  was  to  enter  the  corresponding  3-digit  number  into  the  keyboard. 

' Procedure 

Initially  the  participants  were  told  the  nature  of  the  experiment  and  then 
given  a brief  visual  acuity  test.  After  they  were  seated  at  the  console,  with 
their  fingers  resting  lightly  on  the  keys  to  be  depressed,  they  were  given  26 
practice  trials.  This  practice  served  to  familiarize  them  with  the  task  and 
to  assure  the  experimenters  that  all  instructions  had  been  understood. 

: Each  trial  consisted  of  the  following  sequence  of  events: 

1.  A warning  signal  was  projected  onto  the  lower  screen.  This  con- 
sisted of  the  word  "READY,"  centrally  presented. 

I 

2.  After  500  msec,  the  word  READY  was  replaced  by  the  consonants 
which  made  up  the  memory  set  (e.g.,  F Z or  K B M C). 

3.  After  two  seconds,  the  memory  set  was  erased  from  the  lower  screen 
and  the  display  to  be  searched  was  presented  on  the  upper  screen. 

4.  Immediately  following  the  presentation  of  the  display  (event  3), 
a target  Item,  which  was  to  be  located  on  the  display,  was  presented  on  the 
lower  screen. 

5.  The  operator  located  the  target  item  in  the  display  and  entered 
the  3-digit  number  corresponding  to  the  target  on  the  keyboard.  Reaction  time 
was  recorded  to  entry  of  the  last  digit. 
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2. a.  Current  NTDS  format  (small  size) — 6 Display  Items. 
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2.c.  FCDSSAPAC  format  (small  size) — 10  Display  Items. 
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Figure  2.  Display  formats  for  search  task  as  shown  on  auxiliary  display. 
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2.e.  FCDSSALANT  format  (small  size)— 24  Display  Items. 


ENGAGE 


AIR 

TN 

FRND  STRK/SUPP 
977  RRR 

RSU 

685 

CUS 

PIF 

498 

LAT 

244 

SPD 

BRG 

201 

LONG 

885 

ALT 

RNG 

676 

THRT 

724 

S12 

MK76 

287 

MK54 

755 

LB11A 

MK44 

301 

FFAR 

468 

SU44A 

MK46 

539 

HVRR 

468 

NAS 

MK57 

548 

MK52 

578 

NPS 

829 

Ml 

317 

GMT 

ACQ 

392 

563 

314 

M2 

822 

LST 

164 

942 

M3 

246 

STQ 

578 

RR 

839 

M4 

214 

LTQ 

542 

CU 

702 

MK84 

625 

FUEL 

276 

488 

571 

341 

MK58 

103 

2 ' f ‘ fcdssALANT  format  (large  size)— 40  Display  Items 


486 

895 


Figure  2.  Continued. 
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6.  If  the  operator  could  not  locate  the  target  in  the  display  within 

8 seconds  from  the  time  event  A was  completed,  the  screens  were  erased  and 
the  operator  was  notified  that  he  had  taken  too  much  time.  Such  a trial  was 
recorded  as  a lapse  trial,  and  the  program  returned  to  event  1. 

7.  A single  consonant  memory  probe  was  presented  on  the  lower  screen. 

This  required  a Yes-No  response  on  one  of  two  predetermined  keys  on  the  key- 
board. The  operator  responded  Yes,  by  depressing  the  proper  key  with  his  right- 

index  finger,  if  the  probe  was  a member  of  the  set  presented  in  event  2;  and 

No,  by  depressing  the  proper  key  with  his  left-index  finger,  if  it  was  not. 

The  maximum  duration  of  an  entire  trial,  including  all  of  the  events 
listed  above,  was  20  seconds.  The  timing  was  controlled  so  that  a fixed  in- 
terval of  15  seconds  elapsed  between  presentation  of  the  memory  set  (event  2) 
and  presentation  of  the  memory  probe  (event  7). 

Each  subject  received  a total  of  120  trials.  Within  every  set  of  six 
trials,  the  operator  randomly  observed  all  six  display  formats.  Each  of  the 
six  formats  were  thus  presented  20  times,  and  total  time  to  complete  the  task 
was  about  1 hour. 
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RESULTS 


Data  obtained  from  6 of  the  24  participants  were  eliminated  from  the 
statistical  analysis  either  beca  ise  those  individuals  performed  the  concurrent 
memory  task  at  chance  level  or  because  they  could  not  locate  the  target  item 
in  the  display  a sufficient  number  of  times  to  provide  an  adequate  sample. 

It  was  felt  that  analyses  should  be  performed  only  on  data  obtained  from  the 
remaining  18  participants,  who  had  demonstrated  their  capability  of  perform- 
ing at  the  level  required  under  actual  conditions. 

Only  those  trials  on  which  the  operator  was  correct  on  both  display  search 
and  memory  test  were  used  in  the  analysis  of  display  search  rates.  This 
criterion  was  adopted  to  ensure  that  equal  performance  demand  prevailed  during 
each  rate  measurement;  however,  separate  analyses  of  errors  were  also  conducted. 

Display  Search 

Response  times  to  the  display  search  showed  a linear  increase  as  the  number 
of  items  in  the  display  increased.  A two-way  analysis  of  variance  (ANOVA)  was 
performed  on  the  search  times.  The  first  ANOVA  factor  was  display  size  with 
six  levels;  and  the  second,  the  number  of  letters  (either  two  or  four)  being 
held  in  memory  during  the  search.  The  effect  of  display  size  was  significant 
(F  (5,  85)  = 51.35,  £ < .01). 2 As  the  number  of  items  in  the  display  increased, 
so  did  the  search  time  (Figure  3).  There  was  no  difference  that  could  be 
attributed  to  the  size  of  the  memory  set,  nor  was  there  an  interaction  between 
search  time  and  memory  set  size.  The  function  in  Figure  3 is  represented  by 
the  equation  Y = 34.58  (X)  + 4203. 


MLIMBf  R Of  Iff  IRS  PHI  SI  HI  ID  THI  DISCI*' 

Figure  3.  Mean  display  search  reaction  times  as  a function  of  the  number  of 
displayed  items. 


2Conservat i ve  degrees  of  freedom  were  used  in  arriving  at  significance 
probabilities  of  repeated  measures  effects  in  1 ANOVAs. 
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Two  other  measures  were  available  for  the  display  search  In  addition 
to  reaction  time.  The  first,  which  is  called  a lapse,  reflects  all  times  In 
excess  of  7999  msec.  The  second  is  an  error  of  commission,  or  entry  error, 
in  which  the  operator  depresses  the  wrong  key  during  entry  of  the  three-digit 
number  corresponding  to  the  target  item.  Figure  4 displays  the  percentage  of 
both  these  measures  as  a function  of  display  size.  As  shown,  the  lapse  measure 
shows  the  influence  of  display  size  while  entry  errors  do  not.  The  lapse 
measure  finding  is  not  unexpected  as  it  reflects  the  excessively  long  reaction 
times.  The  entry  error  appears  to  be  determined  by  processes  that  are  more  or 
less  independent  of  the  search  process. 


NUMBER  OF  ITEMS  IN  THE  DISPLAY 

Figure  4.  Percentage  of  lapses  (trials  in  excess  of  7999  msec)  and 
commission  errors. 
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The  six  separate  display  formats  (Figure  2)  were  divided  (by  eye)  into 
four  quadrants  and  examined  for  possible  location  effects.  For  example, 
participants  may  prefer  to  scan  an  array  from  top  to  bottom  or  from  left 
to  right  in  search  of  the  target.  Figure  5,  which  provides  mean  reaction 
times  and  lapse  percentages  for  each  quadrant,  shows  that  there  is  no  sig- 
nificant difference  among  the  four  quadrants.  The  task  was  not  specifically 
designed  to  examine  relative  location,  because  the  information  was  not 
uniformly  distributed  among  the  quadrants.  Format  irregularities  such  as  item 
density  may  also  play  a role  in  search  scan  strategies. 


UPPER  LEFT  UPPER  RIGHT 


LOWER  LEFT  LOWER  RIGHT 


RELATIVE  DISPLAY  LOCATION 

Figure  5.  Mean  display  search  reaction  times  (msec)  and 

lapse  percentages  for  each  quarter  of  the  screen. 

Tr  in  , it  ion  Effects 

Transition  effect  describe  changes  in  performance  over  time  and  may 
reflect  Improvement  (practice  effect)  or  decrement  (fatigue).  In  this  experi- 
ment, a crude  examination  of  transition  was  made  bv  dividing  the  120  trials 
for  each  operator  into  two  blocks,  representing  the  first  and  second  halves  of 
the  trials.  The  mean  reaction  times  for  the  first  and  second  blocks,  across 
all  di  iplav  sizes,  were  4,)69  and  4886  msec  respectively.  Neither  this  dif- 
ference nor  the  difference  between  lapse  percentages  in  the  first  and  second 
blocks  of  trials  was  significant. 
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Memory  Task 

Reaction  times  were  recorded  to  the  single  letter  probe  to  which  the 
operator  responded  Yes  or  No.  A two-way  ANOVA  was  performed  with  display 
size  (six  levels)  and  memory  set  size  (two  or  four  letters)  as  factors. 
Results  showed  that  there  was  a significant  main  effect  of  memory  set  size, 
(1,  17)  = 25.87,  £ < .01. 3 The  mean  reaction  times  for  the  two-  and  four- 
letter  trials  were  1183  and  1329  msec  respectively.  There  was  no  effect  of 
display  size  on  the  memory  probe,  and  there  was  no  interaction.  Figure  6 
shows  the  mean  RT  for  both  memory  sets  and  each  display  size. 

• 2 LETTER  MEMORY  SET 

1400  v 

S • •“ ••  4 LETTER  MEMORY  SET 


NUMBER  OF  ITEMS  PRESENT  IN  THE  DISPLAY 

Figure  6.  Reaction  times  to  memory  probe  for  two-  and  four-letter 
memory  sets  as  a function  of  display  size. 
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Correct  positive  responses  to  the  memory  set  probes  were  faster  than 
correct  negative  responses;  however,  these  differences  were  not  significant, 
figure  7 displays  reaction  times  to  both  memory  set  sizes  and  to  positive 
and  negative  probes,  collapsed  across  all  six  intervening  displays. 


♦probe  -probe  +Pr°h«*  -probe 

TWO  LTR  FOUR  l.TK 


NUMBER  OF  CONSONANTS  IN  MEMORY  SET 

Figure  7.  Reaction  time  to  memory  probe  as  a function  of  number  of 
consonants  in  memory  task. 
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CnWi.l'S  1 1 ■ AND  i; I'l'OMMF.N’DAT IONS 


f 


t 


Tlit*  most  Important  >n  . d.-;  it  ion  of  display  design  on  search  performance 

in  1 1 1 i . t .is,,  is  t iir  t"t.i!  in.; : of  items  through  which  the  operator  must 

search.  I’iii-  extent  t«  will  h fm  at  tin}  can  influence  tlie  search  performance 
be  deti  t oP  nat  1 in  this  st udy . Bee a ■ • 

ol  the  n*'>  rss.irv  1 i". . : it  i".;s  on  . rmat  1;  posed  by  the  NTDS  system  and  the 
variety  uni  couple-: it  : • >r  le  operator  demands,  it  may  not  he  feasible  to 
impose  im  > «•  radii  il  acting  standards.  In  this  case,  the  most  straight- 
forward appto.i  h i ■ >r;  it  i.  .-ording  to  logical,  conceptual  guidelines  cur- 

rent l v in  existent-.-  m.  to  . imit  the  number  f items  displayed  to  that  which 
can  he  scanned  in  ihoiu  i second.  fills  t ime  period  is  based  onlv  on  the  slope 
shown  in  Figure  3 and  en. omp  issos  up  to  about  30  items.  At  35  msec  per  item, 
tin.*  search  time  would  hi  1050  rise,  . An  ass-mi,  t ion  in  this  recommendation  is 
that  the  intercept  (420!)  • ) represents  overhead  time  for  preparing  to  search 

and  entering  the  numbers  on  tin  keyboard  after  locating,  the  target.  This 
i . lumption  is  widely  adopt  'd  and  follows  fro:  t „ work  of  Sternberg  (IDA14). 

St  t nl  I < ■ • which  examine  the  nature  of  overhead  t inn  , attributable  to  keyboard 
entry,  ire  currently  underway  at  NAVPI'.RSRANDrKN . 

Ni  ye  i i he  le-.  , wi  recommend  ilia  i -in.  alterations  in  format  he  examined 
in  nt  lined  re  . ireh.  h r e -..un;  le,  I ox  -otteeptual  categories  mav  be  seg- 
re  iie.l  en  tin  si  lei'ii  h-  tin  u i oi  '.pace  or  boundaries.  Such  division  m.av 
; - base  a iwi  hip,  irget , ini  weapon  considerations.  Anotbei  approach  is 
...  ( f di  e of  response.  For 

example,  vine  more  than  one  information  item  must  he  located  to  perform  the 
rt'spoi  a-,  an  effectively  formatted  1 irge  display  might  be  more  advantageous 
than  mul  t i pi  c-d  i spl.-n  call-  g.  Research  directed  toward  these  questions  also 
i currently  underway  .it  NAVPIT.SI.ANDCKN. 


Tin  short-ti  .’in  mi  ..I  load  imposed  in  this  experiment  was  not  sufficient 
t<  l.d  I notice  seal'  . , which  supports  the  findings  of  Wal  lenbarger  and 

Parhelia  <lcl/2).  Since  it  is  doubtful  that  the  results  would  he  significantly 
different  with  no  memory  load,  further  studies  should  either  omit  the  inter- 
polated memory  task  or  us,  a larger  set  to  impose  a greater  demand. 

il  i recommended  that  canning  patterns  lie  examined  mere  closely,  par- 
ticularly as  a function  "t  different  formats.  Although  the  results  In  this 
t ud v were  negative,  .il rolled  examination  of  scan  strategy  on  NTDS  formats 

I > warranted.  There  i . a suggestion  of  upper  left  to  right  scan  in  t he 
r, art  ions  shown  in  F igurt  >. 

Practice  el  feet-.,  although  pervasive  in  most  reaction  time  studies,  were 
not  evident.  Operator  did  not  show  either  improvement  or  fatigue  over  the 
1-hout  period.  Since  NTS  operators  nr.  highly  experienced,  it  is  recommended 
tint  an  experienced  group  of  operators  he  tested  in  a similar  task  in  order 
to  con  i rm  or  diseonl  i rm  the  results.  With  many  trials,  effective  display  si.:e 
I,  aid  1 reduced.  This  is  not  to  sav  that  results  using  inexperienced  operators 
are  invalid.  In  fact,  the  display  tested  here  should  he  useful  to  observers  wins 
mh  Id  not  be  completely  familiar  with  NTDS  console  operation. 
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Copies  of  the  following  studies  are  available  from  the  Fleet  Combat 
Direction  Systems  Support  Activity  (FCDSSA)  Library,  San  Diego,  California 
92147. 

1 . A comparative  analysis  of  data  presentations  to  the  0J-194  console  CRT 
and  PRO.  Fleet  Computer  Programming  Center,  Atlantic  72-53  (IR(A)-7060) . 

2 . Naval  tactical  data  system  memorandum  report  PPI  data  display  study 
(MR-J71-074) . Prepared  by  Computer  Sciences  Corporation. 

3 . information  display  formats  for  NTDS  consoles  witli  alphanumeric  CRT 
readouts  (CRO) , 1R-2365. 
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